The Kutná Hora Complex (KHC), bordering the Moldanubian Zone at the north, represents a crustal stack of several allochthonous units. This study presents new interpretation based on detailed whole-rock geochemical analyses, petrology, mineral analyses and geothermobarometric calculations. Samples were selected from the Malín and the Běstvina units, with preference for kyanite-bearing albitic felsic gneisses with high-pressure metamorphic record. Three types of kyanite-garnet-albite-K-feldspar rocks studied include: (1) an early Variscan felsic granulite from the Běstvina Unit equilibrated under eclogite-facies conditions (P = 1.8-2.1 GPa, metamorphic event M 1 ), (2) a garnetkyanite leucosome from a polymetamorphic migmatite (P ~ 1.6 GPa, metamorphic event M 2 ), and (3) a felsic kyanite-garnet-muscovite gneiss derived from garnetiferous leucogranite, equilibrated under amphibolite-facies conditions (P = 0.9-1.1 GPa, metamorphic event M 3 ). All the three rock types exhibit geochemical characteristics of highly evolved leucogranitic rocks with low Zr/Hf ratios (14 to 19), relatively low FeOt/MnO (10 to 33), and contain < 30 ppm Zr, < 15 ppm Y, and low ΣREE (< 28 ppm) abundances. The kyanite-garnet-muscovite felsic gneiss contains locally garnet porphyroclasts up to 3 cm in diameter, with up to 28 mol. % spessartine and 0.55 wt. % P 2 O 5 , which represent relics from the magmatic stage of the garnetiferous leucogranite precursor. Accessory tourmaline (dravite-schorl) and dumortierite occur in migmatitic gneisses of the Malín Unit, while dumortierite is common in the felsic gneiss (M 3 ). Textural relationships indicate a late, post-kinematic growth of tourmaline and dumortierite in relation to D 3 /M 3 . The repetitive high-pressure record manifested during three metamorphic events in the Kutná Hora Complex represents a unique example in the Bohemian Massif. These relations indicate a separate evolution of the Kutná Hora Complex and the Moldanubian Zone during much of their Variscan tectonometamorphic history. Several aspects of possible correlation among the Kutná Hora Complex (plus the Svratka Unit) and the Orlice-Sněžník Unit at the Czech-Polish border, which all have a record of Palaeo-Variscan (U)HP evolution, are discussed.
Introduction
and Janoušek et al. (2006a, tab. 8) pointed out the strong contrasts in PTt histories among the individual Variscan granulite bodies of the Bohemian Massif. Geochemical evidence shows that the most widespread felsic kyanite-garnet granulites of leucogranite-granite composition were dominantly derived from Lower Palaeozoic calc-alkali magmatic rocks (Janoušek et al. 2004) . Nonetheless, other compositional types of granulites, such as highly differentiated rocks, are also of interest since they carry information, which is not revealed by studying the most widespread calc-alkali granulite types (Vrána 1989; Janoušek et al. 2006a Janoušek et al. , 2007 Kotková 2007 ; this study).
The Kutná Hora Complex (KHC), situated between the internal high-grade Variscan Moldanubian Zone and the structurally overlying low-grade (mainly Neoproterozoic) Bohemicum Zone, contains some of these interesting granulite and felsic gneiss types. The aim of our study is to constrain the metamorphic history of the KHC, focussing especially on its contrasting features in comparison with metamorphic patterns characteristic of the neighbouring parts of the Moldanubian Zone as qualitatively indicated by data presented for KHC by Synek and Oliveriová (1993) , Owen and Dostal (1996) and Tajčmanová et al. (2006) for the NE part of the Moldanubian Zone. The main methods of study were detailed whole-rock geochemical characteristics including trace elements, together with petrology and mineral chemistry used for geothermobarometric interpretation.
The studied samples include kyanite-garnet-muscovite-albite-K-feldspar felsic gneisses from the Malín Unit (Figs 1-2) . A kyanite-garnet-albite-K-feldspar x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x . . . . 
Kutná Hora Complex Kutná Hora Complex
Moldanubian Zone Moldanubian Zone Fig. 1 Geological setting of the studied area in the Kutná Hora Complex, modified after Synek and Oliveriová (1993) .
leucosome from polymetamorphic migmatite in the same unit is also included for comparison. The Běstvina Unit is dominated by felsic granulites of calc-alkali leucogranite and granite composition, but samples 5 and 6 from the set studied by Vrána et al. (2005) are albite-K-feldspar felsic granulites equilibrated under eclogite-facies conditions.
The felsic gneisses from the Malín Unit and the albite granulite from the Běstvina Unit are compared with calcalkali kyanite-garnet granulites of granitic composition and biotite-kyanite-garnet granulite (of Fe-rich paragneiss composition) from the Běstvina Unit. The aim is to show the differences in the whole-rock geochemistry (protolith composition) and in the metamorphic record among samples from the Kutná Hora Complex. Attention is paid to accessory tourmaline and dumortierite, present both in the felsic gneisses and in the polymetamorphic leucosome. This information will be important for understanding the timing and conditions of emplacement of the dumortierite pegmatites (Cempírek and Novák 2006) in the KHC in relation to the general sequence of events in this unit.
When dealing with metamorphosed igneous rocks, it is often useful to refer to the terminology of the corresponding magmatic rocks. The reason for accurate discrimination of the various felsic rock types are the occurrences of garnetiferous hyperpotassic syenitic alkali-feldspar granulites and alkali-feldspar (granitic) granulites in southern Bohemia (Vrána 1989) , and the fact that this study deals with some geochemically highly evolved rock types.
According to the IUGS classification of igneous rocks (Le Maitre 1989), a compositional limit of An < 5 mol. % is set for inclusion of albitic plagioclase among alkali feldspars. This limiting value is significant in terminology, e.g. alkali-feldspar granite vs. granite ("normal", calc-alkali granite). Because many of the samples studied have plagioclase composition in the range of An 2 to An 9 , we use the designation albite-K-feldspar granulite (or precursor granite), to avoid confusion.
Geological setting
The Kutná Hora Complex (KHC) is situated between the internal Variscan Moldanubian Zone and the structurally overlying low-grade (mainly Neoproterozoic) Bohemicum Zone (Fig. 1) . The introductory information on regional geology and structure of the wider area is presented in the accompanying paper by Verner et al. (this volume) . The uppermost part of the KHC is divided into three units: 1) Běstvina Unit (Losert 1967) , built by felsic granulites and partly migmatized gneisses with lenses of garnet peridotites, eclogites, and rare garnet amphibolites; the unit which is 8 by 3 km in size, constitutes the southeastern segment of the Kutná Hora Complex (Fig. 1) , 2) Malín Unit (Malín Formation of Losert 1956a, b) consisting mainly of leucocratic kyanite-bearing migmatites accompanied by garnet amphibolites, partly serpentinized garnet peridotites, eclogites and several skarn bodies, 3) Plaňany Unit (Fišera 1977) built by various types of migmatites (metasedimentary and metaigneous mafic) with lenses of amphibolites, serpentinites and pyroxenites; no samples from this unit were included in the present study; the small unit is located NW of the area shown in Fig. 2 , 4) the underlying units represented by the Kouřim Unit consisting of orthogneiss with fine-grained leucocratic migmatites and by the lowermost Mica Schist Unit consisting of metapelites intercalated with amphibolites (Synek and Oliveriová 1993) (Fig. 2) . According to Synek and Oliveriová (1993) , rocks of the Malín Unit were involved in several deformation (D)/ metamorphism (M) events: the D 1 /M 1 event coincided with crystallization and emplacement of garnet peridotites/lherzolites (dated at 377 ± 20 Ma, Brueckner et al. 1991) , eclogitization of basic rocks and metamorphic crystallization of HP/HT granulites. The S 1 metamorphic foliation is generally subvertical or steeply dipping to the NE, but rarely preserved in the Běstvina and Malín units (Nahodilová et al. 2005) . The D 2 /M 2 event is characterized as a mylonitization and retrogression event in HP eclogite/amphibolite-facies, reworking the older S 1 fabrics into a flat penetrative S 2 foliation dipping to the NW or NE. Accompanied was by a late-stage partial melting and migmatization generating kyanite-bearing leucosomes. The D 3 /M 3 event produced S 3 mylonitic axial cleavage and foliation with newly crystallized biotite and muscovite (± garnet, kyanite) under HP amphibolite-facies conditions. Following the interpretation by Synek and Oliveriová (1993) , the units comprising the Kutná Hora Complex represent a stack of allochthonous segments of crustal rocks with lenses of upper-mantle pyrope peridotite/ lherzolite up to 1 km long. The thrusting probably took place before the D 3 event. Data on crustal eclogite and garnet peridotites in the Běstvina Unit were presented by Medaris et al. (2006) and Faryad (2009).
Methodology

Samples
The studied lithologies include three rock types representing parts of the Malín Unit and the Běstvina Unit. The criterion for sample selection was the modal presence of garnet, kyanite and albitic plagioclase. The samples were selected from a large sample set studied in connection with geological mapping of the Kutná Hora area on the scale of 1 : 25 000 by one of the authors (Štědrá et al. 2009 ). In addition, we used several granulite samples from the Běstvina Unit characterised by Vrána et al. (2005) .
The kyanite-garnet-muscovite felsic gneiss, exposed in abandoned quarries south of Bohouňovice (sometimes referred to as the Bořetice locality - Fiala et al. 1982; Fiala 1992 ) and northeast of the village of Suchdol (Fig. 2) , occurs as compositionally homogeneous layers up to 25 m thick. It is represented by samples 2 and 501 taken from the same outcrop. Sample 501 is identical with sample 2, except for the presence of widely scattered, large garnet porphyroclasts in the former sample.
The bodies extend along the strike of the country rock for a distance of several hundred metres, resembling an aplite sheet (Fiala 1992) . The country rocks are represented by the migmatitic kyanite-garnet-muscovite paragneiss and the muscovite-biotite paragneiss of the Malín Unit (Synek and Oliveriová 1993) . Fiala (1992) noted the presence of thin (several cm thick) sills and discordant dykes in the proximity of the main felsic gneiss body. Fiala et al. (1982) and Fiala (1992) wrote that the "felsic gneisses are of granulitic character (approx. T = 700 °C, P = 0.9 GPa), their genesis cannot be separated from gneissic surroundings, and it is therefore reasonable to suppose the HP granulite metamorphism for the Malín Unit (‛Malín Formation') as a whole".
A garnet-muscovite-kyanite leucosome from the polymetamorphic migmatite in the Bylanka brook at outskirts of Kutná Hora (sample 4) was studied as an example of the Malín Unit migmatites.
The studied garnet-kyanite-albite-K-feldspar granulite (samples 5 and 6) from the Běstvina Unit is exposed on a 20 m high cliff in the Doubrava River valley c. 400 m west of the village of Spačice (Faryad 2009). Garnetkyanite granulites predominantly of calc-alkali granite (leucogranite) composition, (Fiala et al. 1987; Vrána et al. 2005) , represent the main rock type of the Běstvina Unit (samples 7 and 8).
Although geochemical data for the Běstvina granulite samples were presented recently , minor-and trace-element abundances were newly analyzed by more accurate methods, performed in the same laboratory as the trace-element analyses for the recently studied Ab-Kfs rocks from the KHC. For comparison, new data from several granulite samples from the Běstvina Unit are included here. Fiala et al. (1982) published a comparative mineralogical and major-element whole-rock geochemical study of kyanite-bearing felsic gneisses from the KHC, accompanied by several samples of granulites from the Běstvina Unit and from the Moldanubian Zone, all designated as "leptynites". The trace-element concentrations in the samples were not determined. Later on, Fiala et al. (1987) published several analyses of felsic granulites from the Běstvina Unit.
Analytical methods
Major-element whole-rock analyses were performed by wet chemical methods in the laboratory of the Czech Geological Survey, Prague. Minor and trace elements were analysed in the Acme Analytical Laboratories, Vancouver, Canada, using LiBO 2 /Li 2 B 4 O 7 fusion and ICP-MS/ES. Precious and base metals were determined by aqua regia digestion and ICP-MS.
Mineral analyses were carried out using the CAMECA SX 100 WDS electron microprobe at the Joint Laboratory of Electron Microscopy and Microanalysis, Institute of Geological Sciences, Masaryk University and Czech Geological Survey, Brno. The analytical conditions were adjusted to the type of mineral analysed, usually 15 kV accelerating voltage, probe current 10-20 nA, acquisition time 10-30 s. The standards used were spessartine (Si, Mn), almandine (Fe), andradite (Ca), MgAl 2 O 4 (Mg), hornblende (Ti), sanidine (Al, K), albite (Na), fluorapatite (P) and chromite (Cr). Mineral abbreviations in this paper are those of Kretz (1983) .
Petrography
Fine-grained felsic gneisses
Mineralogical and selected whole-rock geochemical indeces for the studied rocks are given in Tab. 1. The felsic rocks are very fine-grained, with garnet typically smaller than 2 mm. Foliation planes are incompletely covered by muscovite. Quartz is commonly separated into monomineralic ribbons less than 1 mm thick, which alternate with feldspathic bands of albite and weakly perthitic finegrained (0.1 to 0.5 mm long) K-feldspar. The latter bands contain kyanite (up to ~ 3 vol. %) and/or muscovite ( Fig.  3a) . Lenticular porphyroclasts of 1 mm long K-feldspar and large primary (?) muscovite I are deformed to fishlike shapes (Fig. 3b ). There are local aggregates, up to several dm 2 in size, with coarse garnet (6 to 30 mm in diameter) intergrown with quartz. An additional sample 501 from the same outcrop as the sample 2 was used for characterization of the large garnet porphyroclasts and matrix minerals. In the matrix, garnet is present as anhedral crystals less than 1 mm in diameter. The modal contents of muscovite II and kyanite show variations (muscovite content from minor to c. 5 vol. %) across the foliation. Kyanite has not been observed as inclusions in garnet. Minor dumortierite forms violet fibrous aggregates in the felsic matrix; light blue dumortierite is rare. Apatite and subordinate graphite are accessories; apatite is pale yellow in thin sections and occurs locally as small porphyroclasts but exceptionally a single 1 cm long apatite crystal has been observed. Accessory tourmaline and rutile, reported by Fiala et al. (1982) and Fiala (1992) , were not found. Sample 3 from the Vysoká Hill (Fig. 2) is somewhat different from samples 1 and 2 in that it contains only traces of garnet confined to local biotite-rich laminae. Garnet in this sample was probably extensively consumed by the reaction Grt + Kfs + H 2 O → Bt. Biotite aggregates are seen on foliation planes as patches 5 × 30 mm in size and less than 1 mm thick. The total biotite content in the rock is estimated to less than 3 vol. %. In addition to biotite aggregates, foliation planes are partly covered by muscovite. Kyanite is absent in this sample, which may be a result of its replacement by muscovite. On a microscopic scale, there are two types of a late tourmaline: khaki-coloured anhedral grains nucleated at places with Ti available from biotite, followed by a low-Ti tourmaline of light bluish-green colour. The late, light bluish-green tourmaline is subhedral to euhedral, somewhat skeletal due to quartz inclusions, and rimmed by a narrow zone of quartz. Fibrous aggregates of violet dumortierite are present in the felsic matrix. The aggregates are oriented both parallel and across the mylonitic foliation, indicating, together with the skeletal and subhedral crystals of the bluish-green tourmaline, late post-mylonitic (post-D 3 ) crystallization of the borosilicates. Dumortierite and tourmaline are minor accessories, which occur in different domains of the samples and exhibit no reaction relationship.
Foliated leucosome from polymetamorphic migmatite
Sample 4 (Tab. 1) from the left tributary of the Bylanka brook in the outskirts of the city of Kutná Hora is another example of Ab-Kfs garnet-kyanite-muscovite felsic rock in the KHC. The sample is dominated by pale pink feldspars and shows a mylonitic foliation. The foliation is defined by several mm long lenticular quartz aggregates grading to quartz ribbons, oriented flakes of early deformed muscovite I, 1-7 mm long, and 1 × 3 cm aggregates of bluish kyanite, with individual crystals up to 3 mm in size. Garnet, relatively coarse kyanite and albite are pre-mylonitization phases, which can be used for pressure estimation of the early HP/HT M 2 event.
Biotite aggregates, marginally replacing garnet (5 mm in diameter), or locally replacing older coarse muscovite I, can be observed. The foliation planes are partly covered by small, newly formed muscovite II. Rare xenoblastic khaki-coloured tourmaline up to 1 mm in diameter occurs intergrown with biotite in the proximity of garnet. Skeletal bluish-green tourmaline, similar to the tourmaline in the sample 3, occurs locally along the boundary between the quartz ribbon and a feldspathic band. The rock contains numerous fibrous aggregates (1 mm in diameter) of randomly oriented violet dumortierite. Dumortierite 4.3. Kyanite-garnet-albite-K-feldspar granulite, Běstvina Unit
Samples 5 and 6 are fine-grained rocks from the same outcrop with parallel fabric defined by a weak compositional banding. Garnet is present mainly in felsic patches up to 1.5 cm long, slightly elongated parallel to the foliation. The rest of the rocks is greyish-white and contains small amounts of fine-grained biotite in a felsic matrix. Sample 5 contains approx. 8 vol. % of garnet, 5 % kyanite, 4 % biotite, 30 % albite, 12-15 % K-feldspar and 40 % quartz. Owing to prevalence of albite, the rock is nearly free of mesoperthite. Rutile and apatite are accessories. Sample 8 (KMV98) contains 5 vol. % Grt, 2 % Bt and 1 % Ky. Data for sample 9 (Tab. 1), which is a Bt-Ky-Grt HP/HT "paragneiss" from the Běstvina Unit, are included for comparison. It contains 16 vol. % garnet, 8 % biotite and 10 % kyanite in addition to plagioclase, antiperthite and quartz plus minor pyrrhotite, rutile, apatite and graphite.
Whole-rock geochemistry and mineral chemistry
Whole-rock geochemistry
Some key geochemical parameters are summarised in Tab. 1; complete whole-rock major-and trace-element analyses are presented in Tabs 2 and 3. The felsic gneisses from KHC and calc-alkali felsic granulites from the Běstvina Unit are corundum-normative rocks with alumina saturation index (ASI) 1.10 to 1.26, but the albite granulite sample 5 has ASI = 1.37 and the metasedimentary granulite rich in Grt and Ky, sample 9, has a high ASI value of 2.13. The CIPW norms show that the kyanite-garnet-muscovite felsic gneisses (samples 1 to 3), the foliated leucosome from the migmatite (sample 4) and the albite granulites from the Běstvina Unit (samples 5 and 6) are all identified as albite-K-feldspar-quartz rocks in part chemically corresponding to alkali-feldspar granite. This feature is confirmed by comparison of the calculated plagioclase composition with actual microprobe analyses in Tab. Somewhat surprisingly, the garnet-kyanite-muscovite migmatite leucosome (sample 4) is also an albitic rock with several features of highly evolved composition, such as low values of Zr/Hf = 19, FeOt/MnO = 10 and a low total REE contents. Trace-element data for samples 5 and 6 from the same outcrop in the Běstvina Unit show several geochemical features indicating a highly evolved, probably magmatic protolith. The rock has a low value Zr/Hf = 18.7 and rather low FeOt/MnO ratio of 30.2.
Mineral chemistry
Representative mineral compositions are given in Tabs 4-8.
Garnet
In samples 1 and 2 (fine-grained felsic gneiss), garnet is the only mafic mineral, typically less than 2 mm in diameter. It contains 80.0-82.9 mol. % Alm, 7.9-12.9 % Prp, 4.1-7.8 % Sps, and 0.8-4.0 % Grs (Tab. 4). Widely scattered, coarse relict garnet crystals in the same rock are represented by sample 501 (Tab. 4a) from Bohouňovice (Fig. 6a) . The garnet compositional profile (Fig. 6b) exhibits a high Sps content in the central part up to 27.6 mol. %, Grs ~ 0, and Prp of 5.6 to 7.4 % (Fig. 6b) . Figure 7 presents comparison of the radiating pattern of quartz-garnet intergrowth in sample 501 and in unmetamorphosed garnetiferous granite. The narrow rim zone of large relict garnet and small garnet crystals (< 0.2 mm in diameter) in the mylonitic matrix of sample 501 have compositions with 2.0-7.5 mol % Grs, 9.3-13.6 % Prp, and 12.9-3.7 % Sps, which is distinctly different from the composition of the central parts of the large relict garnet (Tab. 4, Fig. 6b ). The rim composition of the garnet porphyroclasts probably evolved at a stage of matrix garnet growth or modification via diffusion (M 3 ), as indicated by the increased Grs and Prp components. Based on the available information, it is uncertain whether the small matrix garnets in samples 1, 2 and 501 represent a pre-metamorphic population with compositions strongly modified by diffusive metamorphic (M 3 ) re-equilibration, or a new garnet generation produced during the M 3 metamorphism. The source of Mg leading to the increase in Prp in the small garnets in the matrix is uncertain. Possibly a small amount of primary biotite, consumed by Grt-producing reactions, was present. Minute garnet grains in the biotite-rich laminae in sample 3 contain 83 mol. % Alm, 10.1 % Prp, 4.4 % Sps and 1.7 % Grs (Tab. 4). Garnet in leucosome from the Bylanka migmatite (sample 4) forms crystals up to 5 mm in diameter and contains 72.2-76.5 mol. % Alm, 16.2-21.5 % Prp, 3.1-3.5 % Sps, and 2.5-3.1 % Grs. The elevated content of 0.05 to 0.10 wt. % Na 2 O (Tab. 4) is interesting as a potential indication of ultra-high pressure conditions. Small garnet in the same sample shows lower Prp and Grs than the large crystal and contains 81.9 mol. % Alm, 12.5 % Prp, 3.7 % Sps, and 1.7 % Grs. Garnet in the albitic granulite from the Běstvina Unit (sample 5) contains 57-62 mol. % Alm, 31.5-32.5 % Prp, 3.6-6.6 % Grs. The equant anhedral grains are free of any decompression reaction products. Garnet compositions in all samples are compared in Fig. 8 .
Feldspars
Plagioclase from the felsic gneisses contains 5.3-8.0 mol. % anorthite, 91.0-95.5 % albite, and 1.0-2.2 % orthoclase (Tab. 6). The K-feldspar contains 6.0-10.5 mol. % albite, 89.4-94.0 % orthoclase, and up to 0.6 % anorthite (Tab. 7).
Tourmaline
The migmatite leucosome (sample 4) contains two types of tourmaline that are very similar to those in sample 3 from Vysoká (Fig. 9) , and an identical type of dumortierite. Ex- Fig. 8 Comparison of the garnet compositions for samples of kyanite-garnet-muscovite felsic gneisses from the vicinity of Kutná Hora (samples 1-4, and 501) with garnets from granulites of the Běstvina Unit (samples 5, 7-9). Sample numbers and rock types are given in Tab. 1. 
cept for differences in the Ti content, the composition of the two types of tourmaline in sample 3 is very similar (Tab. 8, Fig. 10 ) and corresponds to dravite-schorl (Selway and Novák 1997) , with Mg prevailing over Fe. Our samples of felsic gneisses contain no evidence of primary tourmaline.
Dumortierite
Compared to the composition of igneous dumortierite in common pegmatites (Fiala 1954; Losert 1956a; Cempírek and Novák 2006) , the metamorphic dumortierite of the studied samples (Tab. 8, Fig. 9 ) shows somewhat higher Ti, Fe and Mg contents (0.20-0.83 wt. % TiO 2 , 1.02-1.20 % MgO and 0.23-0.25 % FeOt).
Geothermobarometry
Pressure and temperature calculations were performed using the garnet-alumina silicate-plagioclase (GASP)  Fig. 9 Microstructures of tourmaline (a-d) and dumortierite (e-f) in albite-K-feldspar felsic gneiss, sample 3, Vysoká; a -Early khaki tourmaline; b -Khaki tourmaline core overgrown by light blue-green subhedral tourmaline; c-d -Subhedral light blue-green tourmaline with quartz inclusions and narrow rims of quartz; e -Violet dumortierite (Du) in quartz-feldspar matrix, (a to e -transmitted light photomicrographs with single polarizer), f -Quartz-dumortierite intergrowth, BSE image. See explanation in text.
barometer of Koziol and Newton (1988) . Garnet-biotite thermometry was carried out using the methods of Ferry and Spear (1978) , Indares and Martignole (1985) and Williams and Grambling (1990) . The results of P-T calculations are presented in Fig. 11 . The set of Excel spreadsheet programs (Reche and Martinez 1996) was used for P-T calculations. The equation by Williams and Grambling (1990) was proposed for medium-grade GrtBt pairs, in which Grt has X < 0.1 Ca, biotite contains less than 2.4 wt. % TiO 2 and 10 % of total iron in biotite is recalculated to Fe 2 O 3 . In our sample set, especially in samples of the HP/HT granulites from the Běstvina Unit, 
Du
Du the interpretation of the geothermometric calculations is difficult, because of the relatively extreme conditions of metamorphism. Garnet in samples 5 to 9 has X < 0.1 Ca (with one exception) and contains very low amount of MnO. Alcock (1996) presented data indicating that the effect of the grossular content on the Fe-Mg miscibility in Grt and Bt is small and is offset by other variables. Rather high Ti content in biotite, near 4 wt. %, may represent a deviation from biotite compositions used by Williams and Grambling (1990) . Ilmenite in granulites from the Běstvina Unit is free of unmixed hematite and the FeO and TiO 2 ratios indicate minimal Fe 3+ in solid solution. Some of the felsic granulite samples contain accessory graphite. These features show that the studied sample set equilibrated at lower oxygen fugacity compared to the samples studied by Williams and Grambling (1990) . Consequently, correction of biotite composition for a presumed Fe 3+ content was omitted. The calculated Grt-Bt temperature estimates using the Ferry and Spear (1978) than the values calculated with the thermometer of Williams and Grambling (1990) . The difference between values for garnet core and garnet rim (using the same biotite composition) was used as a criterion of secondary importance, resting on the assumption that the difference in calculated temperatures for core and rim, respectively, should not be high. The temperatures calculated with the thermometer of Indares and Martignole (1985) are unrealistically low (by as much as 150 °C lower) than data obtained following the procedure of Williams and Grambling (1990) . The calculated pressure-temperature data are plotted in Fig. 11 , arbitrarily with T uncertainty of 50 °C and P of 0.15 GPa, which are near to a minimal theoretical error following from the character of the thermodynamic data (Williams and Grambling 1990). The true uncertainty in temperature estimate is unknown due to several factors, including the possibility of partial re-equilibration via Grt-Bt ion exchange. Among samples from the Běstvina Unit, samples 5 and 9 can be used for geobarometric calculations. By using these samples we avoid problems with unmixed feldspars (mesoperthite), which is usually the main feldspar in felsic granulites. Owing to its rather sodic whole-rock composition, the sample 5 is dominated by albite. Sample 9 contains some antiperthite, but plagioclase is the most common feldspar.
On the other hand, sample 4 -the polymetamorphic leucosome -contains no mineral assemblage suitable for temperature calculation for the M 2 stage: biotite replacing garnet or muscovite I at margins is interpreted as belonging to the M 3 assemblage. Consequently, the pressure data for sample 4 are plotted somewhat arbitrarily at T = 800 °C, with reference to temperature calculated on another migmatite sample from the same Malín Unit (Nahodilová et al. 2006) . 
Data for individual metamorphic events
Event M 1 . The calculated P-T conditions for albite-Kfeldspar Bi-Ky-Grt granulite, sample 5, correspond to T = 989-980 °C (Williams and Grambling 1990) or 933-872 °C (Ferry and Spear 1978) , and P = 1.8-2.1 GPa (Fig. 11) . Calc-alkali Ky-Grt granulites of granite composition in the Běstvina Unit yielded metamorphic conditions of T = 840-920 °C and P = 1.8-2.2 GPa, corresponding to eclogite-facies conditions outside the orthopyroxene stability field . The newly obtained information on samples 5 and 6 shows that some albite-Kfeldspar rocks with advanced geochemical fractionation endured the HP/HT eclogite-facies conditions, together with the prevailing granulitic rocks of calc-alkali granite composition in the Běstvina Unit.
Nahodilová et al. (2006) calculated for the HP/HT stage of the Běstvina felsic granulite peak P-T conditions of 831 ± 53 °C and 1.65 ± 0.18 GPa, followed by retrogression at 705 ± 97 °C and 1.4 ± 0.2 GPa, using the average P-T method (Powell et al. 1998 ) and different samples. The results suggest retrogression at relatively high pressure in the kyanite stability field.
Event M 2 . The pressure 1.6 GPa calculated for sample 4, leucosome from the Bylanka brook migmatite, is interpreted as relating to the original HP anatectic mineral assemblage. The fact that the leucosome in sample 4 exhibits effects of superimposed penetrative shearing and partial amphibolitefacies recrystallization with newly formed fine-grained muscovite, comparable to D 3 /M 3 in felsic gneiss samples 1, 2 and 501, proves that the high-pressure migmatitic assemblage in sample 4 pre-dated the D 3 /M 3 event.
Nahodilová et al. (2006) estimated the maximum P-T conditions using the Ky-Grt-Ms-Kfs-Ab-Qtz assemblage in the Malín and Běstvina kyanite-bearing migmatites (M 2 ?) at 875 ± 95 °C and 1.56 ± 0.14 GPa using the average P-T method (Powell et al. 1998) . The data for MP/LT retrogression calculated by Nahodilová et al. (2006) from the matrix biotite, garnet rims and the recrystallized grains of plagioclase, K-feldspar and quartz yielded P-T conditions of 712 ± 39 °C and 1.06 ± 0.18 GPa, which could be compared with the event M 3 . The values calculated for the M 2 event in HP migmatites of the Malín Unit can be compared with P-T data obtained for a migmatitic gneiss from the Běstvina Unit (P = 1.4 GPa, T = 660 °C: Vrána et al. 2005) .
Event M 3 . The Ky-Grt-Ms-Kfs-Ab-Qtz assemblage in the felsic gneiss samples 1, 2 and in the matrix of sample 501 (Bohouňovice and Suchdol) yield an M 3 pressure estimate of 0.9 to 1.2 GPa using the GASP barometry according to Koziol and Newton (1988) . Temperature estimate in sample 501, based on the garnetbiotite thermometer of Williams and Grambling (1990) is 730 °C. This rather high value, given the abundance of muscovite, prompted checking muscovite stability field in this sample with the Thermocalc 3.30 (Powell et al. 1998) pseudosection. Muscovite stability field in the rock of given composition extends up to c. 750 °C at pressure of 1.1 GPa. However, there are some doubts concerning equilibrium between rare biotite and matrix garnet. The equilibration conditions correspond to amphibolitefacies at increased pressure. During the M 3 event, newly formed, fine-grained, syn-foliation muscovite and kyanite crystallized in the country rocks involved in the regional shearing and re-equilibration.
Comparison of felsic KHC gneisses with felsic granulites from the Běstvina Unit
The kyanite-garnet felsic gneisses from the Malín Unit (KHC) (samples 1 and 2) show geochemical characteristics comparable to unmetamorphosed, highly evolved albite leucogranites worldwide. New trace-element data for samples 5 and 6 (Tab. 3) from the Běstvina Unit, resembling somewhat those for samples 1 and 2 from the Malín Unit, show several geochemical features indicating an evolved, probably magmatic protolith. On the other hand, the albite granulites (samples 5 and 6) differ from the calc-alkali leucogranitic-granitic granulites dominating in the Běstvina Unit, (Fiala et al. 1987; Vrána et al. 2005) . These felsic calc-alkali granulites, represented by samples 7 and 8, have equilibrated under eclogite-facies conditions . Samples 5 and 6 exhibit relatively high Rb/Sr and Rb/Ba ratios (Fig. 4b) , low Zr and Y contents (Fig. 4a ) and low total REE contents. However, the overall shapes of the REE patterns are more similar to those of the calc-alkali felsic granulites (sample 8) and the metasedimentary granulite rich in Grt and Ky (sample 9) (Fig. 5) , rather than to the felsic gneisses from the Malín Unit. The compositional differences between garnets from albite-K-feldspar felsic gneisses from the KHC and the samples of HT/HP granulites from the Běstvina Unit can be seen in Fig. 8 . The high contents of Prp and Grs in garnet from the Běstvina granulites greatly exceed the contents in garnet from the KHC rocks and indicate notably higher P-T conditions for the Běstvina granulites (Fig. 11 ).
Discussion
Geochemical and mineralogical implications for the protolith of felsic gneisses
There are several whole-rock compositional features indicating that the protoliths of the felsic gneisses from the Malín Unit were highly fractionated magmatic rocks, namely: high Rb/Sr and Rb/Ba ratios (Fig. 4b) , low Zr/Hf ratios (~ 14), low Zr and Y contents (Fig. 4a) , low FeOt/ MnO ratios (~14), and low total REE contents (10-14 ppm) (Tab. 1). Compared to these extreme values, ordinary calcalkali granitic rocks have Zr/Hf ratios near 30, FeOt/MnO ratios near 50 and total REE contents near 100. Concentrations of certain elements and element/element ratios, such as low FeOt/MnO, Zr/Hf (Tab. 1), Zr and Y (Fig. 4a) , high Rb/Sr and Rb/Ba ratios (Fig. 4b) , together with low total REE contents prove conclusively that the felsic gneisses were derived by metamorphism of leucogranitic rocks crystallized from highly evolved magmas. The geochemically evolved character of granites is usually shown by high contents of rare elements (Rb, Li, Cs, Sn, Nb, Ta) and strongly depleted REE (Breiter and Scharbert 1998; Černý and Ercit 2005) . In contrast, in felsic gneisses the evolved character is manifested by element/element ratios and low to very low contents of rare elements. Chondrite-normalized REE patterns (Fig. 5) show that samples 1 and 2 have only a weak negative Eu anomaly. The protolith for sample 3 from Vysoká is not identified. However, it is different from the protolith for samples 1 and 2 as indicated by differences in FeOt/MgO and FeOt/MnO values, REE characteristics ( Fig. 5) and minor element data. The granulite samples 7 and 8 from the Běstvina Unit come near to values similar to ordinary calc-alkali granite.
In peraluminous granites the Zr/Hf ratios tend to be close to the chondritic value (~36) (Dostal and Chatterjee 2000) . According to Linnen and Keppler (2002) partition coefficients of Zr and Hf between zircon and peraluminous polymerized melts D Hf /D Zr for zircon is 0.5 to 0.2. Consequently, zircon fractionation will strongly decrease Zr/Hf in some granites. As Mn is geochemically similar to Fe, the planetary Fe/Mn ratio is approximately constant, corresponding to ~ 54-58 in various MORB basalts (Qin and Humayun 2008) . Thus the Fe/Mn ratio near 50 dominates in majority of crustal rocks.
In addition to these data, strong evidence in favour of a garnetiferous leucogranitic protolith for felsic gneisses is provided by large, relict almandine-and spessartine-rich garnet porphyroclasts (2 to 3 cm in diameter) with P 2 O 5 contents in the range of 0.1 to 0.5 wt. % (Tab. 7, Figs 6a-b). Garnet porphyroclasts contain approx. 50 vol. % of intergrown quartz, which escaped mylonitic deformation. The garnet-quartz intergrowth pattern is analogous to that observed in some unmetamorphosed Variscan garnetiferous leucogranites (Fig. 7) (Breiter et al. 2003; Vrána 2005; René and Stelling 2007) . As indicated by comparison of the whole-rock analyses 1 and 2, an average for five whole-rock analyses published by Fiala (1992) , and our results of microscopic and microprobe study, the felsic gneisses are characterised by minimal variation in composition.
During a superimposed event of pervasive shearing, mylonitization, fabric flattening and moderate-temperature, but high-pressure (MT/HP) re-equilibration (D 3 , M 3 ), the leucogranitic bodies were structurally transposed (refoliated) together with the surrounding rocks of the Malín Unit. Primary quartz mosaic was transposed to quartz ribbons or elongated lenticular aggregates. Variation in the Ky/Ms ratio in laminae across the foliation can be interpreted as resulting from variable hydrous fluid activity, since any indications of replacement relations between Ms and Ky are absent. Although kyanite-garnetmuscovite felsic gneisses from Bohouňovice and Suchdol were sometimes designated as "leptynite" (Fiala et al. 1982; Fiala 1992) , or considered to be rocks with some relation to granulites, it is obvious that such relationship is based only on a macroscopic resemblance, whereby abundant small garnets are set in a fine-grained felsic matrix. However, the metamorphic record of the gneisses corresponds solely to amphibolite-facies conditions. 7.2. Possible ultrahigh-pressure history of leucosome from migmatite, indicated by the high sodium content in garnet
Large syn-migmatization garnets (1 to 4 mm in diameter) contain 0.05 to 0.10 wt. % Na 2 O, accompanied by somewhat elevated phosphorus (Tab. 4). Such high sodium values are indicative of ultrahigh-pressure (UHP) conditions, as described from Dabie Shan and Dabie Sulu UHP terranes in China (Enami et al. 1995; Carswell et al. 2000) and for diamond-bearing detrital assemblages in the Bingara Area, Eastern Australia (Barron et al. 2005 ). According to Barron et al. (2005) , high-sodium, AlmSps-rich garnets are interpreted as being derived from deeply subducted tonalitic and granitic gneisses, although some samples with increased Prp and Grs components also occur. The low grossular content reflects a low-Ca nature of the granitic gneisses. There is some uncertainty concerning the meaning of the calculated pressure value of 1.6 GPa for sample 4, which is definitely far beyond the UHP realm. Admittedly, there is a problem concerning the equilibrium between the large garnet grains and the matrix albite. Given the limited compositional data, it is preferable to consider the increased sodium contents in sample 4 as a probable or potential indication of a UHP event in the history of the sample, which could be confirmed only by a detailed study.
Crystallization of borosilicates
As tourmaline and dumortierite in samples 3 and 4 occur in different parts of thin sections, the mutual temporal relations of these minerals are difficult to assess.
However, both minerals are post-D 3 and may be closely related in time.
Regional information shows that tourmaline has been often observed in the muscovite-biotite gneisses and schists in the Malín Unit. As these rocks, in part migmatitic, predominate in the area, it is probable that alteration of tourmaline during M 3 supplied boron needed for crystallization of minor late borosilicates in the studied felsic gneisses. In general, in the KHC and the Svratka Unit, tourmaline is present in paragneisses with tourmalinite layers (Čopjaková et al. this volume) , in some quartz-feldspar leucosomes and in hydrothermal quartz-tourmaline veinlets. There is no evidence for the presence of primary magmatic tourmaline in the protolith of the felsic gneisses (samples 1 to 3). However, primary tourmaline, if present formerly in the rock, would represent an alternative source for the late dravite-schorl and dumortierite growth.
The high-grade felsic kyanite-garnet granulites in the Běstvina Unit are completely free of borosilicates. One occurrence of dumortierite-bearing pegmatite in the Běstvina granulites, emplaced after culmination of the granulite HP/HT conditions, has been described by Cempírek and Novák (2006) .The regional coincidence in occurrences of dumortierite pegmatites (Fiala 1954; Losert 1956a; Cempírek and Novák 2006) , with numerous localities of accessory dumortierite in polymetamorphic gneisses and migmatites of the Malín Unit (Fig. 2) , may indicate that dumortierite pegmatites were emplaced at a late stage related to the M 3 event. This is a preliminary suggestion requiring additional evidence.
Correlation of the Kutná Hora-Svratka
Superunit with the Orlice-Sněžník (Orlice-Klodzko) Unit (OSU) at the Czech-Polish border
Several aspects indicate that the Kutná Hora-Svratka Superunit (Fig. 1) can probably be correlated with the Orlice-Sněžník Unit (OSU) further northeast, at the Czech-Polish border (Verner et al. this volume). Important points for this correlation of the Kutná HoraSvratka Superunit with the OSU are the following: a) dating of garnet clinopyroxenites and associated pyrope lherzolite from Bečváry at approximately 377 ± 20 Ma (Brueckner et al. 1991) and indication of prolonged annealing of pyrope lherzolites in KHC following from study of mineral inclusions in pyrope (Vrána 2008) ; b) geochemical correlation of (Cambro-Ordovician) Svratka metagranite/orthogneiss with orthogneisses in the Orlické hory Mts. indicates a close similarity (Buriánek et al. this volume) ; c) comparison of the whole-rock geochemistry of mica schists and migmatites of the Svratka Unit with paragneisses and migmatites of the adjacent part of the Moldanubian Zone (Strážek Unit) shows that the former were derived from geochemically more evolved and differentiated source (unpublished data). The main obstacle to closer correlation is the paucity of geochronological data on KHC rocks.
7.5. Correlation of the Kutná Hora-Svratka Superunit with the Moldanubian Zone in terms of metamorphism
The main difference between the Moldanubian Zone and KHC is in that in latter unit decompression proceeded dominantly in the kyanite field whereas, in the Moldanubian rocks, decompression was one of a prominent, nearly isothermal uplift with widespread neoformation of sillimanite, replacement of kyanite by hercynitic spinel and/or low-Ca garnet, and crystallization of cordierite (Owen and Dostal 1996; Tajčmanová et al. 2006 ). These relations suggest that the KHC and the Moldanubian complex evolved separately for much of their Variscan tectonometamorphic history. The repetitive high-pressure record manifested in the KHC by M 1 (eclogite-facies granulites, P ~ 2.0 GPa), M 2 migmatites with Ky-bearing leucosome (eclogite-facies, 1.6 GPa), M 3 recrystallization related to penetrative shearing (HP amphibolite-facies, 1.1 GPa) represents a unique record at the present stage of knowledge of the Bohemian Massif. Clarification of the time and space relations between M 1 and M 2 requires additional data, as it is concerned with the allochthonous position of HP/HT Běstvina Unit granulites in the KHC. It is probable that the M 1 and M 2 events corresponded to Palaeo-Variscan processes (older than 340 Ma) and the M 3 event to Neo-Variscan processes (~340 Ma, coeval with the exhumation of the Moldanubian Zone).
Conclusions
In the Kutná Hora Complex, there are several types of albite-K-feldspar kyanite-garnet felsic gneisses, polymetamorphic migmatites and granulites. The felsic gneisses from Bohouňovice and Suchdol (Malín Unit, samples 1 and 2) formed by a late penetrative shearing and M 3 metamorphism of a primary, highly evolved, garnetiferous leucogranite. The protolith for sample 3 from Vysoká (Malín Unit) remains uncertain, though it was also a highly fractionated albitic rock. A leucosome from a polymetamorphic migmatite (sample 4, Malín Unit) exhibits effects of D 3 deformation and partial modification by superimposed M 3 metamorphism, but its garnet and coarse kyanite are interpreted as having been formed during the M 2 high-pressure migmatization event. Felsic HP/HT albite-K-feldspar granulites from the Běstvina Unit, samples 5 and 6, exhibit only the near-peak metamorphic mineral assemblage. Geochemical data suggest a highly evolved magmatic protolith for this rock, but essentially different from that for felsic gneisses in the Malín Unit. The published scheme of deformation events (D 1 to D 3 ) and polymetamorphism (M 1 to M 3 ) proved to be applicable for description of the record registered in the studied sample set. This scheme of events is very different from the record observed in the regionally neighbouring rocks of the Moldanubian Zone. The main difference is in that in KHC decompression proceeded dominantly in the kyanite field whereas, in the Moldanubian rocks, decompression was one of a prominent, nearly isothermal uplift with widespread neoformation of sillimanite, replacement of kyanite by hercynitic spinel and/or low-Ca garnet, and crystallization of cordierite.
Textural and compositional data of metamorphic dravite-schorl tourmaline and dumortierite in the felsic gneisses may be used for interpretation of the probable emplacement time of dumortierite pegmatites described from the Kutná Hora region in the literature.
